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Fig. 8
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Fig. 17
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Fig. 20
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COOLING MECHANISM OF STORAGLE
CONTROL APPARATUS

TECHNICAL FIELD

This invention relates to a technique for cooling a storage
control apparatus.

BACKGROUND ART

A cooling mechanism of a plurality of circuit boards
(printed boards) 1s disclosed 1n, for example, Japanese
Patent Laid-open Application No. 2011-249731.

According to the cooling mechanism, the circuit board 1s
arranged 1n parallel with a flow path of a cooling wind for
ciliciently cooling the circuit board. In a case where a
connection board (back-plane) for coupling the circuit board
1s arranged orthogonally to the flow path (for example, FIG.
2), the connection board closes the flow path of the cooling
wind, and there 1s a concern of preventing the circuit board
from being cooled. Consequently, a wind opening 1s pro-
vided at the connection board.

CITATION LIST
Patent Literature

|[PTL 1]
Japanese Patent Application Laid-open No. 2011-249731

SUMMARY OF INVENTION

Technical Problem

However, a flow rate of the cooling window 1s restricted,

and cooling of the circuit board 1s not suflicient by only
providing the wind opening at the connection board. Par-
ticularly, in recent years, a heat generating amount of the
circuit board 1s increased year by year 1n accordance with a
downsized configuration and a high performance configu-
ration of apart attached to the circuit board, and suilicient
cooling 1s needed for the circuit board.

Solution to Problem

In order to resolve the problem, a cooling mechanism
which 1s one mode of the present invention includes a
plurality of first circuit boards arranged in parallel with each
other, one or more {irst fans for generating a cooling wind 1n
a first flow path formed along the plurality of first circuit
boards, and a connection board arranged orthogonally to the
first flow path and at a position different from a position of

the first tlow path, and coupling the plurality of first circuit
boards.

Advantageous Eflects of Invention

According to one mode of the mvention, a cooling efli-
ciency of a circuit board can be increased.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view of a storage system including
a storage control apparatus according to Example 1.

FIG. 2 1s a right side view of a logic module of FIG. 1.

FIG. 3 1s a front view of the logic module of FIG. 1.
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FIG. 4 1s a sectional view taken along a line A-A of FIG.
1.

FIG. 5 1s a reference view for explaining other back-
plane.

FIG. 6 1s a reference view for explaining a configuration
ol other logic module.

FIG. 7 1s a view for explaining a modified example of a
back-plane of Example 1.

FIG. 8 1s a configuration diagram of a logic module of
Example 1.

FIG. 9 shows a temperature management table of
Example 1.

FIG. 10 1s a flowchart of a calculation processing opera-
tion of an indication coeflicient.

FIG. 11 1s a flowchart of a rotation control processing
operation of a fan a.

FIG. 12 1s a flowchart of a rotation control processing
operation of a fan b.

FIG. 13 1s a view for explaiming a position of installing a
temperature sensor.

FIG. 14 1s a top view of a logic module of Example 2.

FIG. 15 1s a configuration diagram of the logic module of
Example 2.

FIG. 16 shows a temperature management table of
Example 2.

FIG. 17 1s a flowchart of a rotation control processing
operation of a fan of Example 2.

FIG. 18 1s a right side view for explaiming a logic module
according to Example 3.

FIG. 19 1s a view for explaining a cooling range of the
logic module of FIG. 18.

FIG. 20 1s a diagram for explaining a temperature control
Example 3.

FIG. 21 1s a view for explaining a wiring portion of a
back-plane of Example 4.

of

DESCRIPTION OF EMBODIMENTS

Incidentally, although in the following explanation, a
piece ol information will be explained by an expression of
“aaa table” or the like, the piece of information may be
expressed by other than a data structure of a table or the like.

Further, although expressions of “identifier”, and “num-
ber” will be used when a content of each piece of informa-
tion 1s explained, the expressions can be substituted for each
other.

An eclement common to respective drawings will be
explained by attaching the same reference numeral. Also,
concerning a common element, 1n a case of i1dentifying
respective elements, an explanation will be given by attach-
ing individual numbers or the like of la, #1 A or the like at
a last portion of the numeral. However, there 1s a case where
an explanation 1s given by omitting the number or the like
as necessary.

An explanation will be given of a number of examples of
this invention by using drawings or the like as follows. The
following examples show specific examples of a content of
this 1nvention, this invention 1s not limited to the examples,
but can be changed or modified variously by the skilled
person within the range of technical thought disclosed 1n the
specification. For example, 1n the following explanation, a
cooling mechanism according to this invention 1s explained
as a cooling mechanism of a storage control apparatus.
However, this invention 1s not limited thereto.

Example 1

A storage control apparatus of Example 1 will be
explained as follows.
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FIG. 1 1s a perspective view of a storage system including
the storage control apparatus of Example 1.

The storage system 1 i1s constructed by combining a
plurality of modules. As the modules, for example, there are
a storage module 2 mounted with a storage apparatus, and a
logic module 3 for controlling the storage module 2. The
storage control apparatus according to the example corre-
sponds to the logic module 3. The storage system 1 1s
constructed as, for example, one or more aggregates of

enclosures 4 mounted with plural kinds of the modules 2 and
3.

According to the example, the storage system 1 1s con-
figured by the storage module 2 and the logic module 3
mounted to the enclosure 4. The logic module 3 1s mounted
to a lower portion of the enclosure 4. The storage module 2
1s mounted to an upper portion of the enclosure 4, that 1s, on
an upper side of the logic module 3. Incidentally, an arrange-
ment of the respective modules of the storage system 1 1s not
limited thereto. For example, the logic module 3 and the
storage module 2 may be arranged at inverse positions. Also,
the plurality of storage modules 2 and the plurality of logic
module 3 may be mounted to the single enclosure 4.

The enclosure 4 1s constructed by a structure integrated by
frames. Although according to the example, the enclosure 4
1s constructed by the single structure configured only by the
frames, the invention 1s not limited thereto. For example, the
enclosure 4 may be constructed by a structure in which an
upper face, a lower face, and both side faces thereof are
closed and a front face and a rear face thereol are opened.
The enclosure 4 can include a door which completely covers
the front face and/or the rear face at the front face and/or the
rear face. The door of the enclosure 4 can be provided with
an air passing portion for sucking air from outside to nside
of the storage system 1, or exhausting air from inside to
outside of the storage system 1. The air passing portion 1s
configured by, for example, a number of holes.

Also, for example, the enclosure 4 may be configured to
surround respective portions or totals of the storage module
2 and the logic module 3. In this case, the enclosure 4 may
be constructed by a structure in which the upper face, the
lower face, and the both side faces of each module are closed
and the front face and the rear face of the each module are
opened. Incidentally, according to the example, for simplic-
ity, respective elements of the storage module 2 and the logic
module 3 are shown only at an area of a front half portion
ol the enclosure 4.

A plurality of storage boxes 21 mounted with a plurality
ol storage apparatuses are arranged in the storage module 2.
The storage apparatus may be, for example, a hard disk
device of an SAS (Sernial Attached Small Computer System
Interface)-HDD (Hard Disk Drive), an SATA (Serial
Advanced Technology Attachment)-HDD or the like, or may
be a semiconductor storage device of an SSD (Solid State
Drive) or the like.

The logic module 3 1s mounted with a plurality of logic
boards 31. The logic board 31 1s a circuit board integrated
with a plurality of logic circuits. There are a number of kinds
of the logic boards 31. As the kinds of the logic boards 31,
there are, for example, a microprocessor (MP), a switch
(SW), a cache memory (CM), a disk adapter (DKA), a
channel adapter (CHA) and the like. The logic board 31
maybe of a size which differs by respective kinds thereot, for
example, as shown 1 FIG. 1. The logic module 3 1s mounted
with a fan 32 for cooling the logic board 31.

FIG. 2 1s a right side view of the logic module 3 of FIG.
1.
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In the drawing, constituent elements are schematically
shown for explaining a cooling mechanism of the logic
module 3. An outer shape of the logic module 3 1s indicated
by dotted lines. A front side and a rear side of the logic
module 3 are arranged with logic board groups 30 respec-
tively comprising the plurality of logic boards 31. Although
according to the example, respective ones of the two logic
board groups 30 are arranged at front and rear areas of the
logic module 3, the example 1s not limited thereto. One or
more logic board groups 30 may be arranged at each area.
The logic board groups 30 of the respective areas are
arranged to shift from each other in an up and down
direction. Although according to the example, the logic
board group #A of the front area 1s arranged to be placed to
an upper side, and the logic board group #B of the rear area
1s arranged to be placed to a lower side, the example 1s not
limited thereto.

A fTan 32b 1s arranged on a lower side of the logic board
group #A. For example, the fan 325 1s a fan of blowing a
cooling wind to a flow path 11. The fan 325 1s arranged on
a Tront side of the logic board group #B. Thereby, the tlow
path 11 1s formed along the plurality of logic boards 31 of the
logic board group #B. That 1s, the flow path 11 1s a lower
space positioned on a rear side of the fan 325 1n a space 1n
the logic module 3. The lower space includes spaces among
the plurality of logic board 31 of the logic board group #B
and spaces in contact with the logic board group #B.
Incidentally, according to the example, the plurality of fans
32b face the tflow path 11, and are provided side by side 1n
parallel with a direction of aligning the plurality of logic
boards 31 configuring the logic board group #A (refer to
FIG. 3).

The respective logic boards 31 configuring the logic board
group #A respectively include parts 313. Details of the part
313 will be described later. One or more temperature sensors
37a are provided on upper sides of the logic boards 31 1n the
logic board group #A and on front sides of the parts 313. The
temperature sensor 37a may be installed, for example, at one
or more arbitrary logic boards 31 in the plurality of logic
boards 31 configuring the logic board group #A, or may be
respectively 1nstalled at all of the logic boards 31. A tem-
perature of air flowing into the logic module 3 can be
measured by the temperature sensor 37a.

A fan 32a 1s arranged on an upper side of the logic board
group #B. For example, the fan 32q 1s a fan of sucking a
cooling wind from a flow path 12. The fan 32qa 1s arranged
on a rear side of the logic board #A. Thereby, the tlow path
12 1s formed along the logic board group #A on an upper side
of the flow path 11. That 1s, the flow path 12 1s an upper space
positioned on a front side of the fan 324 1n the space in the
logic module. The upper space includes spaces among the
plurality of logic boards 31 of the logic board group #A and
spaces 1n contact with the logic board group #A. Inciden-
tally, according to the example, the plurality of fans 324 face
the flow path 12 and are provided side by side 1n parallel with
an aligning direction of the plurality of logic boards 31
configuring the logic board group #B (not illustrated).

The respective logic boards 31 configuring the logic board
group #B respectively include the parts 313. Details of the
part 313 will be described later. One or more temperature
sensors 3756 are provided on upper sides of the logic boards
31 1n the logic board group #B and on rear sides of the parts
313. Specifically, for example, the temperature sensor 375
may be provided, for example, at one or more arbitrary logic
boards 31 1n the plurality of logic boards 31 configuring the
logic board group #B, or may respectively be provided at all
of the logic boards 31. A temperature of air flowing out from
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the logic module 3 can be measured by the temperature
sensor 37b. Also, the one flow path 11 (12) corresponds to the
one logic board group #A (#B), and therefore, a heat
generating temperature (heat generating amount) of the logic
board group #B can be estimated by subtracting a measured
value of the temperature sensor 37a from a measured value
of the temperature sensor 375.

The logic module 3 1s provided with a back-plane 36
orthogonally to the tlow paths 11 and 12. For example, the
back-plane 36 1s a circuit board applied with a printed wiring,
portion for electrically coupling the plurality of logic boards
31 of the logic board group #A and electrically coupling the
plurality of logic boards 31 of the logic board group #B. For
example, the back-plane 36 includes a connector 363 at a
front face thereof, and 1s coupled to a connector 312
provided at a rear end of the logic board 31. Similarly, the
back-plane 36 includes the connector 363 at a rear face
thereol and 1s coupled to the connector 312 provided at a
front end of the logic board 31. That 1s, the logic board 31
configuring the logic board group #A 1s arranged on an
opposite side of the back-plane 36 to the logic board 31
configuring the logic board group #B.

The back-plane 36 1s arranged on an upper side of the flow
path 11. In other words, the back-plane 36 i1s configured by
excluding an area on a rear side of the fan 326. In an
illustrated example, the back-plane 36 1s configured by
keeping away from the flow path 11 on a lower side thereof.
Thereby, the tlow path 11 1s configured from a front end over
to a rear end of the logic module 3 without being hindered
by the back-plane 36. The back-plane 36 i1s configured with
an air hole 361. The flow path 12 1s configured from the front
end over to the rear end of the logic module 3 although the
flow path 12 1s made to be slenderer than the flow path 11 by
the air hole 361. Consequently, a cross section of the flow
path 11 orthogonal to a tflow direction thereot 1s formed to be

wider than a cross section of the flow path 12 orthogonal to
a flow direction thereof.

FIG. 3 1s front view of the logic module 3 of FIG. 1.

In the logic module 3, the plurality of logic boards 31
configuring the logic board group #A are arranged 1n parallel
with each other 1n a width direction, and the plurality of fans
325 are provided side by side below the logic boards 31 so
as to direct 1n a rear direction. In other words, the plurality
of fans 326 face the tlow path 11, and are provided side by
side 1n parallel with aligning directions of the plurality of
logic boards 31 configuring the logic board group #A.
Thereby, a cooling wind 1s generated at the tlow path {1.
Incidentally, the fan 326 and the logic board 31 may be
arranged not to overlap each other in an up and down
direction at the front face of the logic module 3.

The plurality of logic boards 31 configuring the logic
board group #A are respectively stored to logic boxes 35. A
front face and a rear face of the logic box 35 may be opened
so as not to hinder a cooling wind blown from the fan 32.
The logic board 31 1s arranged along the flow path 11 of the
cooling wind. The logic board 31 includes a board main
body 311, the connector 312 coupled to the back-plane 36,
and the part 313. The part 313 may differ 1n accordance with
a kind of the logic board 31. Various kinds of the parts 313
may configure apart group having the plurality of parts.
Incidentally, although in the example, the single logic board
31 1s arranged to the single logic box 33, the example 1s not
limited thereto. Also, the plurality of logic boards 31 may be
arranged to the single logic box 33, or the plurality of logic
boards 31 may be arranged without arranging the logic box

35.
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FIG. 4 1s a sectional view taken along a line A-A of FIG.
1.

The logic module 3 1s surrounded by a frame 41 which 1s
a portion of the enclosure 4 mounting the storage system 1.
The frame 41 1s configured by a peripheral edge portion 411,
and a reinforcing portion 412. According to the example, the
reinforcing portion 412 1s configured by an auxiliary portion
412a and an auxiliary portion 4125 respectively provided 1n
parallel with an upper edge and a lower edge of the periph-
eral edge portion 411. The back-plane 36 1s attached to the
frame 41 by a screw 362 as a fastening device. Specifically,
an upper edge and a lower edge of the back-plane 36 are
fixed to an upper side of the peripheral edge portion 411 and
the auxiliary portion 4126 by respective four screws sub-
stantially at equal intervals.

The back-plane 36 1s arranged at a position which differs
from a position of the tlow path 11. Specifically, for example,
a size ol the back-plane 36 1s configured such that a length
thereof 1n a width direction of the back-plane 36 1s substan-
tially the same as that of the frame 41, and a length thereof
in an up and down direction of the back-plane 36 1s shorter
than that i the up and down direction of the frame 41. For
example, the length in the up and down direction of the
back-plane 36 may be made to be configured by 70%
through 75% of the length i the up and down direction of
the peripheral edge portion 411.

The air hole 361 1s arranged at a position facing the fan
32a to pass the cooling wind through the flow path 12.
Incidentally, although according to the example, the single
air hole 1s provided, the plurality of through holes may be
coniigured.

The back-plane 36 1s provided with the plurality of
connectors 363 for coupling the logic board 31. Specifically,
a wiring portion coupling the back-plane 36 and the logic
board 31 1s coupled via the connector 363 and the connector
312. An area including the wiring portion between the
back-plane 36 and the logic board 31 1s made to be a valid
area VA (Valid Area). A high speed wiring portion and a low
speed wiring portion of the valid area may be arranged
alternately 1n an up and down direction. Incidentally, the
high speed wiring portion 1s, for example, PCI-Express.

As described above, the tlow path 11 of the cooling wind
can widely be ensured by arranging the back-plane 36 at a
position which differs from a position of the flow path 11,
and the cooling efliciency of the logic board 31 can be
increased. Specifically, for example, the flow path of the
cooling wind can widely be configured 1n comparison with
that in a case where an air hole h 1s provided at a lower
portion of a back-plane 36x extended over a total of a

peripheral edge portion 411.x as shown 1n FIG. 5. In this case,
also a size of the air hole h needs to be taken into consid-
eration as shown in FIG. 5 1n order to maintain a strength of
the back-plane 36x at a prescribed strength or more. Accord-
ing to this embodiment, the flow path 11 of the cooling
window can widely be ensured by arranging the back-plane
36 at a position which differs from that of the flow path {11,
and the cooling efliciency of the logic board 31 can be
increased. Also, a fan revolution number, that 1s, a wind
amount and a wind speed of the cooling wind can be reduced
by widely configuring the tlow path f1. Thereby, a number
of the fans 32 and maintenance cost of the logic module 3
can be reduced.

Also, an area of the back-plane 36 according to this
embodiment can be made to be smaller than that of the
back-plane 36x as shown in FIG. 5. Further, according to this
embodiment, only a lower portion of the back-plane 36 is
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reduced, and therefore, the valid area 1s not reduced, and 1t
1s not necessary to reduce a number of the connectors 363.

Further, an interval between the air hole 361 and the valid
area of the back-plane 36 1s fixed to the auxiliary portion
412a by the two screws 362. According to the embodiment,
a number of the screws 362 for fixing the back-plane 36 to
the enclosure 4 can be reduced by making an area of the
back-plane 36 per se smaller than that of the back-plane 36x
as shown 1n FIG. 5. Thereby, cost for fabricating the logic
module 3 can be reduced, and an efliciency of an assembling,
operation can be mmproved. Also, the screws 362 can be
reduced even at the valid area.

Further, according to the embodiment, respective ones of
the logic board groups 30 are arranged at the respective flow
paths 11 and 12 by arranging the fans 32a and 326 at the
positions which differ in the up and down direction and
shifting the two logic board groups 30 1n the up and down
direction (refer to FI1G. 2). For example, a cooling efliciency
of the logic board 31 of the cooling mechanism of the logic
module 3 of the embodiment 1s more excellent than that of
a logic module 3x in which a plurality of logic board groups
30x are arranged by aligning positions thereof in the up and
down direction and both of two tlow paths 11x and 12x pass
in the two logic board groups 30x as shown in FIG. 6. In
addition, respective ones of the tlow paths are corresponded
to the respective logic board groups 30, and therefore, an
arrangement of the logic board group 30 may be taken nto
consideration by a width of the flow path. For example,
according to the embodiment, a cross section orthogonal to
a tlow direction of the flow path 11 1n correspondence with
the logic board group #B 1s formed to be wider than that of
the tlow path 12 1n correspondence with the logic board
group #A. Therefore, the logic board 31 having a high heat
generating amount of a part may be arranged at the logic
board group #B rather than the logic board group #A.

Further, according to the embodiment, the plurality of
tans 325 face the flow path 11, and are provided side by side
in parallel with an aligning direction of the plurality of logic
boards 31 configuring the logic board group #A. Thereby,
the cooling wind can be made to flow over a total of the
lower space which 1s the flow path {1, and a total can
elliciently be cooled. Also, according to the embodiment, the
plurality of fans 30a face the flow path 12, and are provided
side by side in parallel with an aligning direction of the
plurality of logic boards 31 configuring the logic board
group #B. Thereby, a cooling wind can be made to tlow over
a total of the upper space which 1s the tflow path 12, and the
total can efliciently be cooled.

Incidentally, according to the embodiment, the fan 32a for
blowing the cooling wind to the flow path 11 and the fan 325
for sucking the cooling wind from the flow path 12 are
provided as fans for generating the cooling winds at the flow
paths 11 and 12 1n the logic module 3. Thereby, the cooling
winds passing the flow paths 11 and 12 can smoothly be
made to flow 1n the flowing direction 1n the logic module 3.

Incidentally, according to the embodiment, the back-plane
36 1s arranged at the position which differs from that of the
flow path 11 of the cooling wind. Specifically, the back-plane
36 1s configured by excluding the lower space facing the fan
326. However, the embodiment 1s not limited thereto. For
example, the back-plane 36 may be arranged at a position
which differs from that of the tlow path 12 of the cooling
wind. In this case, the back-plane 36 may include an air hole
at a position facing the fan 3256, and may be configured by
excluding the upper space facing the fan 32a.

FI1G. 7 1s a view for explaining a modified example of the
back-plane 36 according to Example 1.
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A back-plane 364 1s arranged at a position which differs
from positions of the flow paths 11 and 12 of the cooling
winds. Specifically, the back-plane 36a may be configured
by excluding the lower space facing the fan 326 and the
upper space facing the fan 32a. Thereby, both of the two
flow paths 11 and 12 having different cooling winds can
widely be ensured, and the cooling efliciency of the logic
board 31 can further be improved. Particularly, 1n a case
where the tlow paths 11 and 12 for coohng the two logic
board groups 30 differ from each other as 1in the embodi-
ment, the respective logic board groups 30 can efliciently be
cooled. In this case, an upper edge of the back-plane 36a 1s
fixed to the auxiliary portion 412a by the four screws 362.
According to the modified example, the number of the
screws 362 of fixing the back-plane 36 to the enclosure 4 can
be reduced by reducing an area of the back-plane 36 per se
in comparison with that of the back-plane 36x shown 1n FIG.
4.

Next, an explanation will be given of a temperature
management method of a cooling structure of the logic
module 3 according to Example 1.

According to the embodiment, the plurality of fans are
controlled based on a temperature of the logic board group
30. An explanation will be given of respective controls of
one or more fans 32a corresponded to the logic board group
#A and one or more fans 325 corresponded to the logic board
group #B as follows.

FIG. 8 1s a configuration diagram of the logic module 3 of
Example 1.

The logic module 3 1s mounted with the plurality of logic
board groups 30, one or more fans 32, an environment
monitor 6, and a service processor (SVP) 5. The environ-
ment monitor 6 and the SVP 5 may be provided at the logic
board 31 in the logic board groups 30, or may be provided
at outside of the logic module 3. According to the embodi-
ment, the plurality of logic boards 31 configuring the logic
board group 30 are respectively mounted with temperature
sensors 37. Specifically, for example, as described 1n
explaining FIG. 2, the logic boards Al through An config-
uring the logic board group #A are respectively installed
with the temperature sensors Al through An at front portions
of the logic boards Al through An and on front sides of the
parts 313. Also, the logic boards B1 through Bn configuring
the logic board group #B are respectively installed with the
temperature sensors B1 through Bn at rear portions of the
logic boards B1 through Bn and on rear sides of the parts
313. Consequently, a temperature of air flowing into the
logic module 3 1s measured by the temperature sensors Al
through An, and a temperature of air tlowing out from the
logic module 3 1s measured by the temperature sensors Bl
through Bn. Further, for example, the respective logic
boards 31 include temperature monitoring circuits 38 as
portions of the parts 313. The temperature monitoring circuit
38 1s coupled to the environment monitor 6, and transmits a
measured value detected by the temperature sensor 37 to the
environment monitor 6.

The environment monitor 6 includes a cache memory
(CM) 61 and a microprocessor (MP) 62. The environment
monitor 6 1s coupled to the SVP 5. The SVP 5 receives
configuration information of the logic board group 30 from
the environment monitor 6 and transmits the configuration
information to a maintenance center 7.

The microprocessor 62 of the environment monitor 6
receives the configuration information of the logic board
group 30 and temperatures of the respective logic boards 31
to store to the cache memory 61 as a temperature manage-
ment table 90.
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FIG. 9 shows the temperature management table 90 of
Example 1.

The temperature management table 90 1s a table for
managing the plurality of logic boards 31 mounted to the
logic module 3. Specifically, for example, the temperature
management table 90 1s stored with temperature information
or the like of the temperature sensors 37 installed at the
respective logic boards 31. The temperature management
table 90 1ncludes entries for the respective logic boards 31.
Each entry includes a fan number 901 indicating an identi-
fier of the corresponding fan 32, a rotation number 902 of the
fan, a logic board number 903 indicating an i1dentifier of the
logic board, a sensor number 904 indicating an identifier of
the temperature sensor installed at the logic board, tempera-
ture information 905 indicating a temperature of the tem-
perature sensor, mounting 1nformation 906 1indicating
whether the logic board 1s mounted, and a lock-out infor-
mation 907 indicating life or death of the logic board. The
fan 32 1n correspondence with the logic board 31 1s the fan
32 positioned on a front side or on a rear side of the logic
board. The mounting information 906 1s made to be “1” in
a case ol mounting the logic board and “0” in a case of not
mounting the logic board. Further, the lock-out information
907 1s made to be “1” 1n a case of operating the logic board
and “0” 1n a case of not operating the logic board. For
example, the logic board Al 1s mounted to the logic module
and can be operated. Further, the logic board Al 1s mounted
with the temperature sensor A1 and a measured value of the
temperature sensor Al 1s 25° C. Further, a fan 1n correspon-
dence with the logic boards Al through An 1s a fan a, and the
rotation number 1s AA/rpm. Further, for example, the logic
board B1 1s mounted to the logic module and 1s operated.
Further, the logic board B1 1s installed with the temperature
sensor B1 and a measured value of the temperature sensor
B1 1s 120° C. Further, a fan in correspondence with the logic
boards B1 through Bn i1s a fan b and the rotation number 1s
BB/rpm. Incidentally, 1n the following explanation, there 1s
a case where the fan 1n correspondence with the logic board
group #A 1s explained as the fan a and the fan in correspon-
dence with the logic board group #B 1s explained as the fan
b.

FIG. 10 1s a flowchart of processing operations of calcu-
lating an indication coeflicient.

The processing operations are executed by the MP 62 of
the environment monitor 6.

At S101, the MP 62 receives the configuration informa-
tion of the logic board group 30 1n the logic module 3 from
the SVP 5. Specifically, for example, the configuration
information of the logic board group 30 1s the 1dentifiers of
the respective logic boards 31 configuring the logic board
groups #A and #B, the identifier of the corresponding fan,
the i1dentifier of the sensor installed at the logic board,
information whether the logic board 1s mounted, and the
lock-out information indicating life or death of the logic
board. The MP 62 configures or updates the temperature
management table 90 based on the configuration informa-
tion.

At S102, the MP 62 calculates a heat generating amount
of the logic board group 30. For example, the MP 62
calculates a total heat generating amount of each logic board
group 30 based on a heat generating amount of a certain one
of the logic board 31 which 1s previously defined. Inciden-
tally, the heat generating amount of the one logic board 31
may be defined for each kind of the logic board.

At S103, the MP 62 calculates the indication coeflicient
for calculating the rotation number of the fan 32 1n corre-
spondence with the logic board group 30 based on the total
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heat generating amount of the logic board group 30 calcu-
lated at S102. Specifically, for example, the indication
coellicient 1s a value indicating by what magnification factor
the rotation number 1s multiplied when a measured value of
a certain temperature 1s measured based on the fan rotation
number at a temperature which becomes a criteria that 1s
previously configured. Incidentally, the MP 62 may store the
calculated indication coethicient to the cache memory 61.

The MP 62 determines a new rotation number of the fan
based on the temperature, the indication coeflicient, and a
current rotation number of the fan.

FIG. 11 1s a flowchart of rotation control processing
operations of the fan a.

The processing operations are executed by the MP 62 of
the environment monitor 6.

At S111, the MP 62 acquires temperature information of
the temperature sensor 37a installed at one of the logic
boards 31 belonging to the logic board group #A. Here, an
explanation will be given of an operation 1n a case where the

MP 62 acquires a measured value of the temperature sensor
Al.

At S112, the MP 62 determines whether the measured
value of the temperature sensor Al 1s within an allowable
range which 1s previously registered to the corresponding
logic board 31. In a case where a result of the determination
1s true (Yes at S112), the MP 62 proceeds the processing
operations to S113. On the other hand, 1n a case where the
result of the determination 1s false (No at S112), the MP 62
proceeds the processing operations to S118.

At S113, the MP 62 stores the measured value of the
temperature sensor Al to the temperature management table
90 on the cache memory 61.

At S114, the MP 62 acquires temperature information of
the temperature sensor 37 installed to other logic board 31
belonging to the logic board group #A to store to the cache
memory 61. Specifically, for example, the MP 62 acquires
measured values of the temperature sensors A2 through An
respectively 1n correspondence with the logic boards A2
through An to store to the temperature management table 90
on the cache memory 61.

At S115, the MP 62 determines whether there 1s an
abnormal value 1n the temperature information of the tem-
perature sensor 37a installed at the other logic board 31
belonging to the logic board group #A. Specifically, for
example, the MP 62 determines whether a value exceeding
the allowable range which 1s previously registered 1s present
for the corresponding logic board 31 in acquired measured
values of the respective temperature sensors A2 through An.
In a case where a result of the determination 1s true (Yes at
S115), the MP 62 proceeds the processing operations to
S118. On the other hand, 1n a case where the result of
determination 1s false (No at S115), the MP 62 proceeds the
processing operations to S116.

At S116, the MP 62 calculates the rotation number of the
fan a based on the temperature management table 90, a heat
generating amount which 1s previously configured to the
logic board in correspondence with the temperature sensor
Al, and the indication coeflicient stored to the cache
memory 61. Incidentally, the indication coetlicient 1s a value
calculated by the processing operation of calculating the
indication coeflicient (refer to FIG. 10).

At S117, the MP 62 indicates the rotation number calcu-
lated at S116 to the fan a, and proceeds the processing
operations to S111 after an elapse of prescribed time. The fan
a changes the rotation number based on the indication.

At S118, the MP 62 notifies an abnormality to the main-
tenance center 7 and finishes the processing operations.
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A control of the fans a respectively in correspondence
with the plurality of logic boards 31 in the logic board group
#A can pertinently be carried out by the processing opera-
tions described above. Also, 1n a case where an abnormality
1s present at the temperature of the logic board group #A, the
case can be noftified to the maintenance center.

FIG. 12 1s a flowchart of rotation control processing
operations of the fan b.

The processing operations are executed by the MP 62 of
the environment monitor 6.

The MP 62 executes the following processing operations
S121 through S125 respectively for the respective logic

boards Bx (x=1 through n) configuring the logic board group
#B

At S121, the MP 62 acquires temperature information of
the temperature sensor Bx installed at the logic board Bx.
Specifically, for example, the MP 62 acquires a measured
value of the temperature sensor Bx.

At S122, the MP 62 stores a measured value of the
temperature sensor Bl to the temperature management table
90 on the cache memory 61.

At 5123, the MP 62 acquires temperature information of
the temperature sensor Ax from the temperature manage-
ment table 90 on the cache memory 61.

At S124, the MP 62 calculates a difference between
temperature information of the temperature sensor Bx and
temperature information of the temperature sensor AX
(Deix=Bx-Ax, 1n the following, there 1s a case of referring
the diflerence as a difference temperature).

At S125, the MP 62 determines whether the difference
temperature Delx calculated at S124 falls within an allow-
able range. Specifically, for example, the MP 62 determines
whether the diflerence temperature falls within the allowable
range by referring to the allowable range of the one differ-
ence temperature Defx which 1s previously registered. In a
case where a result of the determination 1s false (No at
S125), the MP 62 proceeds the processing operations to
S129. On the other hand, in a case where the result of the
determination 1s true (Yes at S125), the MP 62 executes a
next processing operation (S121 or S126).

At S126, the MP 62 compares difference temperatures of
all the pairs of the temperature sensors (temperature sensors
Bx and temperature sensors Ax), and determines whether an
abnormality value 1s present 1n the diflerence temperatures.
In a case where a result of the determination 1s false (No at
S5126), the MP 62 proceeds the processing operations to
S127. On the other hand, 1n a case where the result of the
determination 1s true (Yes at S125), the MP 62 proceeds the
processing operations to S130.

At S127, the MP 62 calculates the rotation number of the
tan b. Specifically, for example, the MP 62 calculates the
rotation number of the fan b based on the difference tem-
perature of one pair of the temperature sensors and an
indication coetlicient.

At S128, the MP 62 indicates the rotation number calcu-
lated at S127 to the fan b, and proceeds the processing
operations to S121 after an elapse of prescribed time. The
fan b changes the rotation number based on the indication.

At S129, the MP 62 locks out the logic board Bx 1n
correspondence with the difference temperature Delx
exceeding the allowable range at S125. At this occasion, for
example, the MP 62 stores a statement that the logic board
Bx 1s locked out in the temperature management table 90 on
the cache memory 61.

At S130, the MP 62 notifies the abnormality to the

maintenance center 7 and finishes the processing operations.
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The control of the fan b 1n correspondence with the logic
board group #B can pertinently be carried out by the
processing operations described above. Also, 1n a case where
the abnormality 1s present in the temperature of the logic
board group #B, the statement can be notified to the main-
tenance center 7.

According to this embodiment, the logic board groups #A
and #B are arranged to be shifted in the up and down
direction to overlap the flow paths 11 and 12 respectively
different from each other. Further, the MP 62 respectively
measures a temperature of air flowing into the logic module
3 (that 1s, ambient air temperature) and a temperature of air

flowing out from the logic module 3 by the temperature
sensors Al through An and B1 through Bn. Consequently,
the one flow path 11 (12) cools the one logic board group #B
(#A). Consequently, a heat generating temperature (heat
generating amount) of the logic board group #B can be
estimated by calculating the difference temperature Detfx of
temperature information of the temperature sensor Bx and
temperature information of the temperature sensor Ax.
Consequently, concerning the fan b 1n correspondence
with the logic board group #B, temperatures are calculated
based on actual measurement values of the temperature
sensors 37a and 375, and the rotation number of the fan b 1s
calculated based on the calculated temperatures. On the
other hand, concerning the fan a 1n correspondence with the
logic board group #A, temperatures are estimated based on
a previously configured heat generating amount and the
actual measurement value of the temperature sensor 37a,
and the rotation number of the fan a 1s calculated based on
the estimated temperature. However, not a predicted value of
a temperature of the part 313 based on the ambient air
temperature but the actual measurement values measured by
the temperature sensors 37a and 375 may be used even for
controlling the fan a 1n correspondence with the plurality of
logic boards 31 configuring the logic board group #A. In this
case, for example, the temperature sensors 37a are installed
at front portions of the logic board groups Al through An
configuring the logic board group #A, and temperature
sensors 37¢ are installed at rear portions of the logic boards
Al through An as shown 1n FIG. 13. Thereby, the MP 62 can
calculate a difference temperature of a temperature of the
temperature sensor 37¢ and the temperature of the tempera-
ture sensor 37a. Particularly, in this case, the temperature
sensors 37b and 37 ¢ are respectively installed above the tlow
paths 11 and 12. Consequently, although the temperature
sensor 375H 1n the flow path 11 1s influenced by a temperature
of the logic board group #B overlapping the tflow path 11, the
temperature sensor 376 1s difhicult to be influenced by a
temperature of the logic board group #A which does not
overlap the flow path 1l1. Also, although the temperature
sensor 37¢ 1n the flow path 12 1s influenced by the tempera-
ture of the logic board group #A overlapping the tlow path
12, the temperature sensor 37¢ 1s diflicult to be influenced by
the temperature of the logic board group #B which does not
overlap the flow path 12. Incidentally, in this case, the MP 62
may calculate the rotation number of the fan a based on the
difference temperature of the corresponding temperature

sensors 37¢ and 37q instead of S116 of FIG. 11.

Example 2

Example 2 will be explained as follows. At this occasion,
an explanation will be given mainly of a point of a diflerence
from Example 1, and the explanation will be omitted or
simplified concerning a point common to Example 1.
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According to the embodiment, a control of the fan 32 1n
correspondence with one or more logic boards 31 config-
uring the logic board group 30 is carried out. In the follow-
ing, the explanation will be given of the control of one or
more fans 325 corresponding to one or more logic boards 30
configuring the logic board group #A as well as one or more
tans 32a corresponding to one or more logic board groups 30
configuring the logic board group #B.

FI1G. 14 1s a top view of the logic module 3 of
2.

In the drawing, constituent elements are schematically
shown for explaining an arrangement of the logic board 31
and the fan 32 in the logic module 3. In the drawing, an outer
shape of the logic module 3 i1s indicated by a one-dotted
chain line. The logic boards Al through An configuring the
logic board group #A are coupled to a front face of the
back-plane 36 via the connectors 312. The logic boards Bl
through Bn configuring the logic board #B are coupled to a
rear face of the back-plane 36 via the connectors 363. A
plurality of fans al through an are arranged on a lower side
of the logic board group #A and on a front side of the logic
board group #B. A plurality of fans bl through bn are
arranged on an upper side of the logic board group #B and
on a rear side of the logic board group #A.

One or more logic boards 31 1n the logic board group #A
are arranged on a front side of the one fan 324, and one or
more logic boards 31 in the logic board group #B are
arranged on a rear side of the one fan 325. Specifically, the
logic boards Al and A2 are arranged on a front side of the
fan al, and the logic board groups A2 and A3 are arranged
on a front side of the fan a2. Also, the logic boards B1 and
B2 are arranged on a rear side of the fan bl, and the logic
boards B2 and B3 are arranged on a rear side of the fan b2.

FIG. 15 1s a configuration view of the logic module 3 of
Example 2.

According to the embodiment, portions of the logic
boards 31 having the MPs 318 in the plurality of logic
boards 31 1n the respective logic board groups 30 control the
tans 32. Although according to the embodiment, the MP 318
of the one logic board 31 controls the one fan 32, the
embodiment 1s not limited thereto but the MP 318 of the one
logic board 31 may control two or more fans 32.

Further, 1n the respective logic board groups 30, the
respective logic boards 31 include temperature monitoring
circuits 38. The respective temperature monitoring circuits
38 are coupled to the plurality of MPs 318. The respective
MPs 318 are coupled to the MP 62 of the environment
monitor 6, and transmit measured values detected by the
temperature sensors 37 to the environment monitor 6. Inci-
dentally, 1n the drawing, the cache memory 61 in the
environment monitor 6 1s omitted.

The logic module 3 includes a cache memory 319 as a
kind of the logic board 31. One or more cache memories 319
may be corresponded to the plurality of logic boards 31 of
the logic board group 30.

FIG. 16 shows a temperature management table 160 of
Example 2.

The temperature management table 160 1s a table for
managing the respective logic boards 31. Specifically, for
example, the temperature management table 160 stores
temperature information or the like of the temperature
sensors 37 installed to the respective logic boards 31. The
temperature management table 160 includes entries for the
respective logic boards 31. The entry of the one logic board
31 includes a fan number 1601 1indicating an identifier of the
fan 32 in correspondence with the logic board, a rotation
number 1602 of the fan, a logic board number 1603 which
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1s an 1dentifier of the logic board, a sensor number 1604
which 1s an 1dentifier of the temperature sensor 37 installed
at the logic board, temperature information 1605 1ndicating
a temperature of the temperature sensor, mounting informa-
tion 1606 indicating whether the logic board 1s mounted, and
lock-out information 1607 indicating life or death of the
logic board. Incidentally, as described above, one or more
logic boards 31 are corresponded to the one fan 32. For
example, a fan al 1s corresponded to the logic boards Al and
A2 positioned on a front side thereof, and a fan a2 1s
corresponded to the logic boards A2 and A3 positioned on a
front side thereol. Also, a fan bl 1s a corresponded to the
logic boards B1 and B2 positioned on a rear side thereot, and
a fan b2 1s corresponded to the logic boards B2 and B3
positioned on a rear side thereof.

FIG. 17 1s a flowchart of rotation control processing
operations of a fan of Example 2.

The processing operations are executed by the respective
MPs 318. According to the embodiment, the one fan 32
cools the plurality of logic boards 31. In the following, an
explanation will be given of processing operations executed
by the MP 318 of the logic board Al as a representative.
Similar processing operations are executed concerning the
other logic board 31.

At S171, the MP 318 acquires measured values of the
temperature sensors Al and A2 respectively installed at the
logic boards Al and A2 corresponded to the fan al.

At S172, the MP 318 determines whether the measured
values of the temperature sensors Al and A2 acquired at
S171 fall with an allowable range. Specifically, for example,
the MP 318 refers to the allowable range of the temperature
which 1s previously registered, and determines whether the
acquired measured values fall within the allowable range. In
a case where a result of the determination 1s false (No at
S172), the MP 318 proceeds the processing operations to
S178. On the other hand, in a case where the result of the
determination 1s true (Yes at S172), the MP 318 proceeds the
processing operations to S173.

At S173, the MP 318 stores the measured values of the
temperature sensors Al and A2 to the temperature manage-
ment table 160 on the cache memory 319.

At S174, the MP 318 acquires temperature information of
temperature sensors other than the temperature sensors Al
and A2 (for example, temperature sensors A3 through An) 1n
correspondence with the logic boards 31 of the logic board
group #A from the temperature management table 160 on
the cache memory 319.

At 5175, the MP 318 determines whether an abnormality
value 1s present in temperature information of the tempera-
ture sensor 37 acquired at S174. Specifically, for example,
the MP 318 determines whether there 1s a value exceeding
an allowable range in acquired measured values of the
respective temperature sensors A3 through An based on an
allowable temperature of the logic board 31 which 1s pre-
viously registered. In a case where a result of the determi-
nation 1s true (Yes at S175), the MP 318 proceeds the
processing operations to S178. On the other hand, 1n a case
where the result of the determination 1s false (No at S175),
the MP 318 proceeds the processing operations to S176.

At 8176, the MP 318 calculates a rotation number of the
fan al. Specifically, for example, the MP 318 calculates the
rotation number of the fan al based on a temperature of a
higher one of the measured values of the temperature
sensors Al and A2, an indication coeflicient stored to the
cache memory 61 of the environment monitor 6, and a
current rotation number of the fan al. Incidentally, the
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indication coeflicient 1s a value calculated by the processing
operations of calculating the indication coeflicient (refer to

FIG. 10).

At S177, the MP 318 indicates the rotation number
calculated at S176 to the fan al and proceeds the processing
operations to S171 after an elapse of prescribed time. The
fan al changes the rotation number based on the indication.

At S178, the MP 318 notifies the abnormality to the
maintenance center 7.

The respective MPs 318 can pertinently carry out the
controls of the corresponding fans 32 by the above-de-
scribed processing operations. Also, in a case where an
abnormality 1s present at the temperature of the logic board
31, the statement 1s notified to the maintenance center 7.
Thereby, a load of the control of the fan 32 can be balanced
to the plurality of MPs 318.

Incidentally, 1n a case of controlling the fan bx 1n corre-
spondence with the logic board configuring the logic board
group #B, at S176, the MP 318 may calculate a rotation
number of the fan bx based on a temperature of a higher one
of measured values of temperature sensors Bx and B (x+1),
an indication coetlicient stored to the cache memory 61 of
the environment monitor 6, and a current rotation number of
the fan bx.

Example 3

In the following, Example 3 will be explained. At that
occasion, an explanation will be given mainly on a point of
a difference from Examples 1 and 2, and the explanation will
be omitted or simplified concerning a point common to
Example 1.

FIG. 18 1s a night side view for explaining the logic
module 3 of Example 3.

According to the embodiment, temperature sensors 37a
and 37¢ are respectively installed on a front side and on a
rear side of the part 313, and a temperature sensor 37¢ 1s
installed also at the part 313 of the logic board 31 1n each of
the logic boards 31 configuring the logic board group #A.
Also, temperature sensors 374 and 37b are respectively
installed on a front side and on a rear side of the part 313,
and a temperature sensor 37/1s 1nstalled also at the part 313
of the logic board 31 also in each of the plurality of logic
boards 31 configuring the logic board group #B. Tempera-
ture information (heat generating amounts) of the respective
logic boards 31 configuring the respective logic board
groups 30 can be measured by arranging the temperature
sensors 37 in such a manner. Also, temperature information
(heat generating amounts) of the individual logic boards 31
can be measured more accurately by installing the tempera-
ture sensors 37 at the parts 131 having much heat generation.
Further, according to the embodiment, the temperature sen-
sors 37a, 37e, and 37 ¢ are positioned 1n the flow path 11, and
the temperature sensors 374, 37/, and 37b are positioned in
the flow path 12. Consequently, the temperature sensors 37a,
37e, and 377 ¢ are difhicult to be influenced by the temperature
of the logic board group #B, and the temperature sensors
37b, 37/, and 37d are diflicult to be influenced by the
temperature of the logic board group #A. Further, as shown
in FI1G. 19, the temperature sensors 37a, 37¢, and 37¢ may
be arranged at inside of the flow path 12 and an area ra at a
vicinity of the flow path 12 1n an area above the logic board
31 1n the logic board group #A. Further, the temperature
sensors 37d, 37/, and 37b may be arranged at inside of the
flow path 11 and an area rb at a vicinity of the flow path 11
in an area above the logic board 31 in the logic board group
#B. Consequently, temperatures ol the area ra and the
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portion rb which are liable to be influenced by the cooling
winds can be measured further accurately.

In a case of installing the temperature sensors 37 to the
parts 313 as in the embodiment, for example, the rotation
number of the fan 32 may be controlled as 1n FIG. 20. For
example, temperatures of the respective logic board groups
30 (hereinatter, referred to as inner air temperatures) can be
estimated by the temperature sensors installed on front sides
and on rear sides of the parts 313 on the respective logic
boards 31. Also, heat generating amounts (hereinaiter,
referred to as part temperatures) of the logic boards 31 can
be measured by the temperature sensors 37 installed at the
parts 313 of the respective logic boards 31. Consequently,
the MP 62 can control the rotation number of the fan 32

based on the inner air temperature and the part temperature.

A specific explanation will be given of the control methods
as follows.

For example, an explanation will be given of a case where
four thresholds t1, 12, t3, and t4 of the inner air temperature
are configured 1n an order of a higher inner temperature, and
a range of a fan rotation number 1s configured as “high”,
“middle”, and “low” 1n an order of a higher range of the
rotation number. In a case where the inner temperature 1s
equal to or higher than t1, or in a case where the i1nner
temperature 1s equal to or lower than t4, the rotation number
1s determined only by the mner air temperature. Specifically,
in the case where the iner temperature 1s equal to or higher
than t1, the rotation number of the fan 32 1s configured to
“high”, 1n a case where the inner temperature 1s equal to or
higher than t3 and lower than 12, the rotation number of the
fan 32 1s configured to “middle”, and 1n a case where the
iner air temperature 1s equal to or lower than t4, the rotation
number of the fan 32 1s configured to “low”. Also, 1n a case
where the mner temperature 1s equal to or higher than t2 and
lower than t1, or in a case where the inner temperature 1s
higher than t4 and equal to or lower than t3, the rotation
number 1s determined by the inner air temperature and the
part temperature. Specifically, in a case where the inner
temperature 1s equal to or higher than t2 and lower than t1,
and the part temperature 1s equal to or higher than a
prescribed temperature, the fan rotation number 1s config-
ured to “high”, and 1n a case where the 1nner air temperature
1s equal to or higher than t2 and lower than t1 and the part
temperature 1s lower than the prescribed temperature, the fan
rotation number 1s configured to “middle”. Also, 1n a case
where the 1mner air temperature 1s higher than t4 and equal
to or lower than t3, and the part temperature 1s equal to or
higher than the prescribed temperature, the fan rotation
number 1s configured to “middle”. Also, 1n a case where the
inner air temperature 1s higher than t4 and equal to or lower
than t3, and the part temperature 1s equal to or higher than
the prescribed temperature, or 1n a case where there 1s not
mounting information in the configuration, the fan rotation
number 1s configured to “low”. Further, when the fan al 1s
being exchanged, cooling of the logic board number A1 may
be assisted by rotating the fans a2, b1, and b2 at high speeds.

Example 4

Example 4 will be explained as follows. In that case, an
explanation will be given mainly on a point of a diflerence
from Examples 1 through 3, and the explanation will be
omitted or simplified concerning a point common to
Example 1.

FIG. 21 1s a view for explaining a wiring structure of a
back-plane of Example 4.
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In the embodiment, a high speed wiring area HSA 1s
configured at a vicimity of the connector 363 within a valid
wiring area VA. Specifically, for example, the high speed
wiring area HSA coupling the plurality of connectors 363 1s
provided at a center portion of the valid wiring area VA, and
a low speed wiring arca LSA having a transmission rate
lower than that of the high speed wiring area is provided to
detour the high speed wiring arca at a peripheral edge
portion of the valid wiring area VA. Consequently, a loss of
a signal can be reduced by making the high speed wiring
portion shorter than the low speed wiring portion.

Although the explanation has been given of the one
embodiment and modified examples thereol as described
above, this invention 1s not limited to the embodiment and
the modified examples, but can naturally be modified vari-
ously within the range not deviated from the gist.

Incidentally, the technique explained in the embodiment
described above can also be expressed as follows. In the
cooling structure of this 1nvention, a first circuit board
corresponds to the logic board 31 or the like 1n the logic
board group #A, a first fan corresponds to the fan 325 or the
like, and a connection board corresponds to the back-plane
36. Also, a second circuit board corresponds to the logic
board 31 or the like in the logic board group #B, and a
second fan corresponds to the fan 32qa or the like. Further, a
first temperature sensor corresponds to the temperature
sensor 37a or the like, a second temperature sensor corre-
sponds to the temperature sensor 37¢, a third temperature
sensor corresponds to the temperature sensor 375, a fourth
temperature sensor corresponds to the temperature sensor
37e, and a fifth temperature sensor corresponds to the
temperature sensor 37/,

REFERENCE SIGNS LIST

1 Storage system 1

2 Storage module

3 Logic module

30 Logic board group
31 Logic board

32 Fan

36 Back-plane

37 lemperature sensor

The invention claimed 1s:

1. A cooling mechanism comprising:

a plurality of first circuit boards arranged 1n parallel with
each other;

a plurality of first fans configured to generate a cooling
wind 1n a first flow path formed along the plurality of
first circuit boards;

a connection board arranged orthogonally to the first flow
path and at a position different from a position of the
first flow path, and configured to couple the plurality of
first circuit boards;

a plurality of second circuit boards arranged 1n parallel
with each other and coupled by the connection board,
and on an opposite side of the connection board, to the
plurality of first circuit boards; and

one or more second fans configured to generate a cooling
wind 1n a second flow path formed at a position
different from the position of the first flow path and
along the plurality of second circuit boards,

wherein the plurality of first fans face the first flow path
and are disposed side by side in parallel with an
aligning direction of the plurality of first circuit boards,
and
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wherein a cross section of the first flow path orthogonal to
a tflow direction of the first flow path 1s wider than a
cross section of the second flow path orthogonal to a
flow direction of the second tlow path.

2. The cooling mechanism according to claim 1, wherein
the one or more second fans are a plurality of second fans
that face the second flow path and are disposed side by side
in parallel with an aligning direction of the plurality of
second circuit boards.

3. The cooling mechanism according to claim 2, wherein
the plurality of first fans are arranged on an opposite side of
the connection board to the plurality of first circuit boards,
and configured to blow the cooling wind into the first tlow
path, and

the plurality of second fans are arranged on an opposite
side of the connection board to the plurality of second
circuit boards, and configured to suck the cooling wind
from the second flow path.

4. The cooling mechanism according to claim 2, wherein

a first board, which 1s at least one of the plurality of second
circuit boards, includes a first heat generating part, and a first
temperature sensor and a second temperature sensor are
respectively attached to the first heat generating part on an
upstream side and on a downstream side of the cooling wind
in the second flow path, and

a second board, which 1s at least one of the plurality of
first circuit boards, 1includes a second heat generating
part, and a third temperature sensor 1s attached to the
second heat generating part on the downstream side of
the cooling wind 1n the first flow path, and

the cooling mechanism further comprises:

a first control unit configured to control a downstream fan,
out of the plurality of second fans, which 1s positioned
on the downstream side of the cooling wind in the
second flow path relative to the first board, 1n accor-
dance with a first temperature based on measured
values of the first temperature sensor and the second
temperature sensor; and

a second control unit configured to control an upstream
fan, out of the plurality of first fans, which 1s positioned
on the upstream side of the cooling wind 1n the first
flow path relative to the second board, 1n accordance
with a second temperature based on measured values of
the second temperature sensor and the third tempera-
ture sensor.

5. The cooling mechanism according to claim 4, wherein

a Tourth temperature sensor 1s attached to a vicinity of the
first heat generating part,

a fifth temperature sensor 1s attached to a vicinity of the
second heat generating part,

the first control unit controls the downstream fan 1n
accordance with the first temperature and a temperature
measured by the fourth temperature sensor, and

the second control unit controls the upstream fan 1n
accordance with the second temperature and a tempera-
ture measured by the fifth temperature sensor.

6. The cooling mechanism according to claim 1, wherein
the one or more second fans are a plurality of second fans
that face the second flow path and are disposed side by side
in parallel with an aligning direction of the plurality of
second circuit boards, and

the connection board 1s arranged orthogonally to the
second flow path and at a position different from a
position of the second tlow path.

7. The cooling mechanism according to claim 1, wherein

the connection board includes:
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a plurality of connectors respectively coupled to the
plurality of first circuit boards;

a connection wiring area including a wiring portion
coupling the plurality of connectors; and

a low speed wiring area arranged on the outside of the
connection wiring area and including a wiring portion
having a transmission rate lower than a transmission
rate of the connection wiring area.

8. An information processing apparatus comprising:

an enclosure;

a plurality of first circuit boards arranged 1n parallel with
each other in the enclosure;

a plurality of first fans configured to generate a cooling
wind 1n a first flow path formed along the plurality of
first circuit boards in the enclosure:

a connection board fixed in the enclosure, arranged
orthogonally to the first flow path and at a position
different from a position of the first flow path, and
configured to couple the plurality of first circuit boards;

a plurality of second circuit boards arranged in parallel
with each other in the enclosure and coupled by the
connection board, and on an opposite side of the
connection board, to the plurality of first circuit boards;
and

one or more second fans configured to generate a cooling
wind 1n a second flow path formed at a position
different from the position of the first flow path and
along the plurality of second circuit boards 1n the
enclosure,

wherein the plurality of first fans face the first flow path
and are disposed side by side in parallel with an
aligning direction of the plurality of first circuit boards,

wherein a cross section of the first flow path orthogonal to
a tlow direction of the first flow path 1s wider than a
cross section of the second flow path orthogonal to a
flow direction of the second flow path, and

wherein at least one of the plurality of first circuit boards
includes a control unit configured to control the first
fans.

9. The mmformation processing apparatus according to
claim 8, wherein the one or more second fans are a plurality
of second fans that face the second flow path and are
disposed side by side 1n parallel with an aligning direction
of the plurality of second circuit boards.

10. The information processing apparatus according to
claim 9, wherein the plurality of first fans are arranged on an
opposite side of the connection board to the plurality of first
circuit boards, and configured to blow the cooling wind nto
the first flow path, and

the plurality of second fans are arranged on an opposite
side of the connection board to the plurality of second
circuit boards, and configured to suck the cooling wind
from the second flow path.

11. The mmformation processing apparatus according to

claim 9, wherein a first board, which 1s at least one of the
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plurality of second circuit boards, includes a first heat
generating part, and a first temperature sensor and a second
temperature sensor are respectively attached to the first heat
generating part on an upstream side and on a downstream
side of the cooling wind 1n the second flow path, and

a second board, which 1s at least one of the plurality of

first circuit boards, includes a second heat generating,
part, and a third temperature sensor 1s attached to the
second heat generating part on the downstream side of
the cooling wind 1n the first flow path, and

the mformation processing apparatus further comprises:

a first control unit configured to control a downstream fan,

out of the plurality of second fans, which 1s positioned
on the downstream side of the cooling wind in the
second flow path relative to the first board, 1n accor-
dance with a first temperature based on measured
values of the first temperature sensor and the second
temperature sensor; and

a second control unit configured to control an upstream

fan, out of the plurality of first fans, which 1s positioned
on the upstream side of the cooling wind 1n the first
flow path relative to the second board, 1n accordance
with a second temperature based on measured values of
the second temperature sensor and the third tempera-
ture sensor.

12. The information processing apparatus according to
claim 11, wherein a fourth temperature sensor 1s attached to
a vicinity of the first heat generating part,

a fifth temperature sensor 1s attached to a vicinity of the

second heat generating part,

the first control unit controls the downstream fan 1n

accordance with the first temperature and a temperature
measured by the fourth temperature sensor, and

the second control unit controls the upstream fan 1n

accordance with the second temperature and a tempera-
ture measured by the fifth temperature sensor.

13. The mnformation processing apparatus according to
claim 8, wherein the one or more second fans are a plurality
of second fans that face the second flow path and are
disposed side by side 1n parallel with an aligning direction
of the plurality of second circuit boards, and

the connection board 1s arranged orthogonally to the

second flow path and at a position different from a
position of the second tlow path.

14. The information processing apparatus according to
claim 8, wherein the connection board includes:

a plurality of connectors respectively coupled to the

plurality of first circuit boards;

a connection wiring area including a wiring portion

coupling the plurality of connectors; and

a low speed wiring area arranged on the outside of the

connection wiring area and including a wiring portion
having a transmission rate lower than a transmission
rate of the connection wiring area.
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